Permeability Measurements of a Passive House During Two Construction Stages  by Iordache, Vlad et al.
1876-6102 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee EENVIRO 2015
doi: 10.1016/j.egypro.2015.12.253 
 Energy Procedia  85 (2016)  279 – 287 
ScienceDirect
Sustainable Solutions for Energy and Environment, EENVIRO - YRC 2015, 18-20 November 
2015, Bucharest, Romania 
Permeability measurements of a passive house during two 
construction stages  
Vlad Iordachea, Catalin Teodosiua, Raluca Teodosiua, Tiberiu Catalinaa* 
aTechnical University of Civil Engineering, 122 – 124 Lacul Tei Bvd, Bucharest 020396, Romania 
Abstract 
Usually air permeability is measured for a specific building only once: either when the building construction is was just finished 
or when the building is already in use. In this paper we present a novel aspect. We researched if there is any variation of the 
building permeability during its construction. We followed the evolution of the building airtightness during the construction of a 
passive house carrying out permeability measurements in two different phases: (1) airtight construction but not finished and 
without HVAC, and (2) finished construction with HVAC. For each phase, we used a blower door experiment stand to measure 
the airflow at different indoor-outdoor pressure differences in two conditions (depressurization and pressurization). We obtained 
air change rate at 50Pa well below the maximum limit characteristic to passive house. However an intriguing result was found: 
the measured permeability for the finished building is slightly bigger than the measured permeability for the unfinished building. 
On one side the better finishing of the walls and windows lead to an airtightness improvement, but on the other side the new 
HVAC wall penetrations and HVAC terminals (inlets and exhausts) lead to an airtightness aggravation just enough to turn over 
the improvement brought by the better state of building finishing. 
©2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee EENVIRO 2015. 
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1. Introduction 
Passive houses are constructions meant to ensure comfortable indoor conditions with a minimum energy spent for 
heating or cooling. To this ambitious goal contributes the envelope insulation, window quality, building form, air 
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tightness, orientation, climate and other heating, ventilation and air-conditioning (HVAC) systems. Usually, the 
annual energy demand of Passive Houses is 75 to 95% lower than that of a traditionally insulated building of the 
same geometry [1]. Moreover, better air quality is achieved inside the space. Langera et al. [2] studied the indoor 
environment of more than 20 new passive houses and compared the data with 21 new conventional built houses. 
They found by measurements that the formaldehyde concentrations and volatile organic compound have lower 
values in passive houses. Among all the above mentioned parameters, air permeability of any building has a 
tremendous impact on the energy balance and indoor comfort of occupants. Air tightness is not only an ordinary 
way of energy savings, it is crucial to avoid any construction damage. If a building is not correctly air sealed, gaps in 
the construction will lead to significant humidity passage. 
Correct sealing is now one of the most important aspects when constructing a building and special attention 
should be focused in this direction since the beginning of construction. 
In case of Passive Houses, a very low air leakage rates are obtained by creating a single and continuous airtight 
barrier, in order that the air change rate to be less than or equal to 0.6 air changes per hour, under test conditions. For 
example, a field measurement study of the air tightness on 32 detached houses realized by Kalamees [3] showed that 
the mean air leakage rate at the pressure difference of 50 Pa for the entire database was 4.2 m3/(hm2). The mean air 
change rate at the pressure difference of 50 Pa from the entire database was 4.9 vol/h. This was translated into high 
energy consumption, fluctuating air temperature, cold floor and air draught that have negative impact on human 
health and comfort. The air permeability is mainly tested and measured using the standardized Blower Door 
pressurization technique [3, 4] and other simplistic methods (e.g infrared thermal images, smoke detectors) can be 
used for visualizing the air leakage. 
Many other permeability experimental studies were carried out all over the word: United States [5], Greece [6], 
Finland [7], Spain [8], France [9,10], Italy [11], Australia [12], and Canada [13] in order to find out prediction 
models for the infiltration airflow after the building was finished and in use. In all these studies the researchers 
carried out airtightness measurement for several buildings with only one measurement per building. 
In this research we have a novel perspective. We follow the variation of the permeability of a passive house 
during its construction, before it is finished.  
The main purpose of this article is to draw correct conclusions about the impact of different construction stages 
on the air permeability. The research team had the chance to follow the entire construction process of a Passive 
House built in Bucharest, Romania. For each construction stage the air permeability was measured using the Blower 
Door System for precise results. If simple at the beginning, this research process turned to be a long and complex 
one, thus the study conclusions make it valuable to the actual bibliography by its distinctive approach.  
Nomenclature 
QP1D Infiltration airflow when the building is in construction phase 1 under depressurization (m
3/h) 
QP1P  Exfiltration airflow when the building is in construction phase 1 under pressurization (m
3/h) 
QP1 Average infiltration airflow when the building is in construction phase 1 (m
3/h) 
QP2D  Infiltration airflow when the building is in construction phase 2 under depressurization (m
3/h) 
QP2P  Exfiltration airflow when the building is in construction phase 2 under pressurization (m
3/h) 
QP2  Average infiltration airflow when the building is in construction phase 2 (m
3/h) 
'p  Indoor-outdoor pressure difference (Pa) 
2. Description of the passive house 
The passive house taken into account in this work is the building called “Politehnica”, built within the campus of 
the “University Politehnica of Bucharest” at the following coordinates: 44.4380 N Latitude, 26.0470 E Longitude 
(76.6 m Altitude). In fact, this construction contains two family semidetached houses: the “East House” and the 
“West House”. These two houses are placed in a common external envelope (Fig. 1). The main geometrical 
characteristics of the building are given in Table 1 [14]. 
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The vertical walls of the building are made up of autoclaved aerated concrete blocks (25 cm. thick) and thermal 
insulation of mineral wool (30 cm. thick). The exterior finish of the facades is made of wooden boards (East, West 
and South) and metal panels (North), using a system of ventilated facades (Fig. 2) 
 
Fig. 1. Passive house “Politehnica” (finished south façade) 
                      Table 1. Building characteristics [14] 
Geometric data “East House” “West House” Overall 
Floor area (m2) 140.0 140.0 280.0 
Envelope area (m2) 481.6 481.6 797.2 
Indoor air volume (m3) 435.3 435.3 870.6 
Compactness C = V/S (m3/m2) 1.628 1.628 1.967 
The vertical walls of the building are made up of autoclaved aerated concrete blocks (25 cm. thick) and thermal 
insulation of mineral wool (30 cm. thick). The exterior finish of the facades is made of wooden boards (East, West 
and South) and metal panels (North), using a system of ventilated facades (Fig. 2).    
 
Fig. 2. Ventilated facades: East façade (wooden boards) and North façade (metal panels) 
All the windows are made of PVC frame, with triple glazing (three panes of high quality glass and two layers 
90% argon filled). 
The roof structure is based on a reinforced concrete layer (13 cm. thick) and a thermal insulation layer (mineral 
wool, 40 cm. thick), finishing with metal panels. The thermal insulation of the ground plate is made of polystyrene 
(18 cm. thick). An interior brick wall (25 cm. thick) separates the two houses (“East House” and “West House”, 
respectively).   
Table 2 shows the main data concerning the envelope structure, with geometrical description and thermal 
resistances of its components [15]. 
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                                                         Table 2. Building envelope [15] 
Envelope element Surface (m2) Thermal resistance (m2ºC/W) 
Vertical wall 188.80 8.196 
Roof 188.80 9.345 
Floor 188.80 9.523 
Doors 3.78 1.250 
Windows 64.04 1.250 
Architectural plans and views from inside the houses are shown in Fig. 3.  
 
Fig. 3. “West house”: ground floor plan and first floor plan 
On the other hand, different solutions for heating, ventilation and domestic hot water are used for the two houses. 
The main difference is that in the case of the “East House” were provided an earth to air heat exchanger and a heat 
recovery unit, while the “West House” was equipped with a geothermal heat pump. Comprehensive principle 
schemes of heating, ventilation and domestic hot water installations for each house are shown in Fig. 4. Detailed 
information about the functioning of these installations can be found in [7,8]. It is worthwhile to mention that there 
are also 26 photovoltaic panels, mounted on the south-facing roof (angled at 15º). These photovoltaic panels are 
supposed to produce a specific space energy of 37.5 kWh/m2,year [15]. In addition, there are installed two solar 
collectors with the power of 2.5 kW each. 
Finally, it should be said that the passive house criteria have been analyzed for each house, using the certified 
PHPP (Passive House Planning Package) software of the PHI (Passive House Institute) from Darmstadt. The results 
achieved are presented in Table 3 [15]. 
 
 
Fig. 4. Heating, ventilation and domestic hot water installations [15] (a) “West House” (b) “East House” 
LEGEND: (1) solar collector; (2) cold water inlet, (3) hot water 
tank, (4) domestic hot water outlet, (5) electric resistance heater, 
(6) heat recovery unit, (7) water-air heat exchanger, (8) pumps 
station, (9) geothermal heat exchanger, (10) passive cooling 
heat exchanger, (11) hydronic radiant panel. 
LEGEND: (1) solar collector, (2) cold water inlet, (3) hot 
water tank, (4) domestic hot water outlet, (5) electric 
resistance heater, (6) heat recovery unit, (7) by-pass, (8) 
condensate drain well, (9) earth to air heat exchanger, (10) 
electric radiant panel. 
Ground floor plan 
First Floor Plan 
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            Table 3. Certification of passive houses based on PHPP calculation [15] 
Parameter East 
House  
West 
House 
Overall Required for certification 
as passive house 
Specific space heat demand (kWh/m2,year) 13.0 13.0 12.5 ≤ 15.0 
Specific space domestic hot water demand (kWh/m2,year) 18.0 18.0 18.0 - 
Specific space electric energy consumption (kWh/m2,year) 45.8 30.5 38.1 - 
Total specific primary energy demand (kWh/m2,year)  119.0 79.0 99.0 ≤ 120.0 
Building permeability was measured by means of a Minneapolis blower door experimental stand [16] for two 
different stages during the construction of the building: (1) building was finished but walls coverings and paintings 
were not finished and HVAC not installed, and (2) finished walls coverings and HVAC installed. 
3. Results 
This chapter presents, for the two different construction phases, the measured permeability laws along with other 
parameters specific to the infiltration air flow.  
 For each construction phase of the building, two permeability laws were measured: when the building was 
pressurized and depressurized (Fig. 5). For each situation the power regression laws, mathematical relations between 
the infiltration airflow and the indoor-outdoor pressure difference, were determined: 
x - Phase 1: Unfinished building 
Depressurization: QP1D = 13.6 • 'p0.719 (1) 
Pressurization: QP1P = 21.9 • 'p0.591, (2) 
x - Phase 2: Finished building 
Depressurization:   QP2D = 25.7 • 'p0.587 (3) 
Pressurization: QP2P = 11.9 • 'p0.721, (4) 
In all situations, the exponent of the pressure difference is between 0.5 and 1, but closer to 0.5, thus in all cases 
we have a rather turbulent flow through the envelope joints.  
The measured permeability laws present slightly different tendencies between depressurization and pressurization 
experiments, which are mainly due to the different behavior of the windows to the two wind exposures. This 
different behavior is more visible for the Phase 2 (finished building) (Fig. 5b) compared to Phase 1 (unfinished 
building) (Fig. 5a). Phase 2 is mainly characterized by a higher number of wall penetrations due to HVAC 
installations compared to Phase 1 when the HVAC installations were not implemented to the building. The different 
behaviors of the HVAC closings, to the wind exposures represent the main element that explains the difference 
between the two permeability depressurization and pressurization laws (Fig. 5b). 
 
a.  b.
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Fig. 5. Permeability law curves for the passive house during the two construction phases. a. Phase 1 unfinished building, 
b. Phase 2 finished building 
The final permeability laws are calculated for both construction phases (Fig.6), as the average curves between the 
depressurization and pressurization laws for each phase (Equations 5 and 6).  
Phase 1: QP1 = (QP1D + QP1P) / 2 
              QP1 = 18,42 • 'p0.64   (5) 
Phase 2: QP2 = (QP2D + QP2P) / 2 
                                         QP1 = 17,41 • 'p0.65   (6) 
 
Fig. 6. Comparison between the average permeability laws characteristic to the two construction phases. 
These two permeability laws are compared in order to understand if there is any evolution of the building 
airtightness between the two construction phases. Arguably, one would expect to find a better airtight building 
during Phase 2 (finished building and painted joints) compared to Phase 1 (unfinished building). However, the 
results (Fig. 6) show that the infiltration airflow is slightly higher for the Phase 2 compared to Phase 1, opposite to 
the normal expectations. 
In order to better understand this result we compare the pressurization permeability laws for the two phases (Fig. 
7a). We obtained smaller air flows in Phase 2, as we would have expected due to an advanced finishing estate of the 
house.  
However, in depressurization test the air flow is higher in Phase 2 is higher (Fig. 7b), opposite to what we would 
expect. We suspect the indoor ventilation terminals (air inlet and exhaust) play a major role in the final result of the 
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permeability for passive houses. Actually, the absolute value of the airflow rise due to ventilation terminals is higher 
than the absolute value of the air flow decrease due to the a better finishing estate of the building. 
The comparison between the infiltration air flows at 50Pa (Fig. 8a) present differences of around ±10% between 
the two construction phases. As an average value, the airflow in phase 2 is higher than the airflow in phase 1 with 
2.24%. Regarding the air change rate at 50Pa, we obtained a maximum value of n50=0.586(1/h), which is smaller 
than the maximum value for passive houses (Fig. 8b). Thus, the analyzed building fulfills the infiltration criterion 
for passive houses. 
 
Fig. 7. Comparison between the permeability laws: a. Pressurization, b. Depressurization 
a.  b.  
Fig. 8. Infiltrations comparisons at 50Pa. a. Air flow comparison, b. Air changes per hour comparison 
At an indoor-outdoor pressure difference of 4Pa, which corresponds to an average real building exposure during 
one year, the difference between the two construction phases is even more visible, due to the curvature of the power 
laws. The airflow at 4Pa corresponding to phase 2 is 5% higher than the airflow corresponding to phase 1 (Fig. 9a). 
The air changes per hour at 4Pa are around 0,1 (1/h), well in the limits of passive houses domain (smaller that the 
value characteristic to energy efficient houses and bigger than the deep-freeze warehouses values) (Fig. 9b). 
The comparison between the leakage areas (Canadian equivalent leakage area or Lawrence Berckley Laboratory 
estimated area) corresponding to the two construction phases of the building, show the same result: the leakage areas 
are slightly bigger in Phase 2 than in Phase 1 (Fig. 10). This comparison, alongside the previous comparisons, 
sustains the same observation: the lack of airtightness due to HVAC perforations and HVAC terminals is bigger 
than the supplementary airtightness brought by a better state of finishing. Thus it can overturn the situation so that 
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we obtained a slightly higher permeability of the house in Phase 2 (a complete state of walls and windows finishing) 
compared to Phase 1 (incomplete state of finishing of walls and windows). 
                    a.  b.  
Fig. 9. Infiltrations comparisons at real pressure difference (average exposure of 4Pa - Romania). a. Air flow comparison, 
b. Air changes per hour comparison 
a.    b.  
Fig. 10. Infiltrations comparisons at real pressure difference (average exposure of 4Pa - Romania). a. Canadian equivalent,  
b. Lawrence Berckley Laboratory estimated leakage area 
4. Conclusions 
We followed the evolution of the building airtightness during the construction of a passive house carrying out 
permeability measurements in two different phases during the building construction (depressurization and 
pressurization measurements for each phase). All the measurements show the same conclusion: air change rate at 
50Pa is well below the maximum limit characteristic to passive house. However, an intriguing result was found: the 
permeability of the finished building is slightly bigger than the permeability of the unfinished building. On one side 
the better finishing of the walls and windows lead to an airtightness improvement, but on the other side the new 
HVAC wall penetrations and HVAC terminals (inlets and exhausts) lead to an airtightness aggravation just enough 
to turn over the improvement brought by the better state of finishing. 
Average 
permeability 
buildings 
Airtight buildings 
Energy efficient 
building 
Passive houses 
Deep-freeze 
warehouses 
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